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Participation of immunoglobulin E in immune-mediated gb-
merulonephritis. Renal biopsy specimens from 146 consecutive
patients were studied by direct immunofiuorescent tests for
immunoglobulins G, M, A, D, E, third component of comple-
ment and fibrinogen; 46 of the patients had nephrotic syndrome.
Glomerular-bound Ig was detected in glomeruli of 85 patients,
and significant immunoglobulin E (IgE) in 22 of them. The
granular glomerular deposits of six of the 22 patients com-
prised JgE as the dominant or codominant Ig class; in one
patient it was the only Ig seen. In all other instances TgE was a
relatively less obvious Ig component of glomerular deposits. No
correlation was detected between serum IgE concentrations and
glomerular IgE deposits. The six patients with notable IgE
deposits had persistent disease clinically and generalized
glomeru]ar disease immunohistochemically; two of the six
patients had rapidly progressive glomerubonephritis. Clinical data
implicated the /3-hemolytic streptococcus as etiologic agent in
three of the six patients, and suggested it in another.
Participation de l'immunogbobuline E (IgE) a Ia gboméruboné-
phrite immune. Les biopsies renales de 146 malades ont été
étudiées en immunofluoreseenee direete pour les immunoglo-
bulines C, M, A, D, E, pour Ic torisième facteur du complement
et Ic fibrinogéne. 46 malades avaient un syndrome néphrotique.
Les dépôts glomérulaires d'immunoglobulines ont été observes
chez 85 malades et d'JgE chez 22 d'entre eux. [.es depots gb-
mdrulaires granulaires de 6 des 22 malades comportaient l'IgE
comme immunogbobuline dominante ou codominante. Chez un
malade c'était Ia seule immunoglobuline observee. Dans tous les
autres cas Ia participation de l'lgE aux depOts glomOrulaires
était beaucoup moms importante. Les six malades ayant des
depOts importants d'IgE avaient une symptomatologie clinique
persistante et une atteinte glomOrulaire immunohistochimique
généralisée; deux de ces six malades ont eu une glomOrulonO-
phrite rapidement progressive. Les arguments cliniques impli-
quaient Ic streptoeoque fi hemolytique eomme agent étiobogique
trois de ces six malades et Ic suggéraient chez un autre.
Immunologically mediated glomerulonephritis has
been studied extensively in experimentally manipu-
lated laboratory animals, and the principal pathogen-
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etic models elucidated [I]. The relevance of these
models to human glomerulonephritis has been vali-
dated [2—5]; nevertheless, data are lacking regarding
many aspects of human disease. In particular, the role
of immunoglobulin E (1gB) remains enigmatic. Gerber
and Paronetto [6] indicated that 1gB was intimately
involved in certain instances of nephrotic syndrome,
whereas Roy, Westberg and Michael [7] and Lewis,
Kallen and Rowe [8] could find no evidence of 1gB
glomerular deposits in similar eases.
The present investigations were undertaken with
direct immunofluorescent techniques to define the
relative frequency of participation of immunoglob-
ulin classes, particularly 1gB, in immune-mediated
glomerulonephritis. Serum immunoglobulin concen-
trations, including IgE, also were measured. Results
indicate an infrequent participation of IgE in gb-
merular immunoglobulin deposits, but a predominant
IgE role in a small number of patients. Characteristics
of the latter are described in more detail. Gbomerular
deposits had no apparent correlation with serum IgE
concentrations.
Methods
Renal tissue from 146 consecutive patients under-
going diagnostic renal biopsy at Wilford Hall United
States Air Force Medical Center and Brooke General
Hospital were examined by direct immunofluorescent
(IF) microscopy as described by Coons and Kaplan
[9]; 126 of the 146 were suspected clinically of gb-
merular disease primarily, and 46 had the clinical and
biochemical stigmata of nephrotic syndrome.
Reagents utilized were antisera raised in rabbits
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against human IgG, M, A, D, lC and fibrinogen.
Details of preparative techniques of antigens, immuni-
zation schedules and fluoresceination procedures have
been published previously [10, 11]. Antiserum made in
goats to human IgE was obtained as a single lot com-
mercially (Hyland Division of Travenol Laboratories,
Costa Mesa, California), fractionated and fluores-
ceinated as with the others. Monospecificity was
tested by immunoelectrophoresis and double diffusion
Ouchterlony analyses. By immunoelectrophoresis this
anti-IgE serum reacted with a single y— 1 antigen in
human sera that contained 16,000 to 31,000 IU of IgE
per ml, but did not react with serum specimens con-
taining low IgE concentrations. By Ouchterlony anal-
ysis it formed a precipitin line with an E myeloma
protein (PS) and its isolated Fc fragment that spurred
over a line of partial identity formed with a serum
having high IgE content, indicating the presence of
antibodies to normal IgE as well as to the idiotypic
determinant of E myeloma protein PS [12].
Immunofluorescent controls. Classic controls for
direct IF [13] included the following: examination of
unstained sections, use of fluoresceinated anti-human
albumin, blocking of specific fluorescence by pre-
incubation with unfluoresceinated antisera and ab-
sorption of antibody activity using purified antigens.
In the case of IgE, fluorescent staining was blocked by
pre-incubation of tissues with several preparations of
antibodies to human IgE. These included commercial
antisera (Meloy, Hyland and Behring Laboratories)
as well as antiserum prepared in rabbits to the Fc
fragment of E myeloma protein PS (courtesy of Dr. K.
Ishizaka, Baltimore, Maryland) and another raised
with Fc fragments and isolated epsilon chains of
myeloma protein ND (courtesy of Dr. S. G. 0.
Johansson, Uppsala, Sweden). Rabbit antisera to
other Ig classes and normal rabbit serum failed to
block staining by anti-IgE. Absorption of the fluores-
ceinated anti-IgE reagent by several IgE preparations
completely inhibited staining of all tissues; these in-
cluded purified E myeloma protein PS and its isolated
Fc fragment (courtesy of Dr. K. Ishizaka) and human
serum containing high IgE levels; preincubation of the
antibody preparation with normal human serum
containing low IgE levels did not inhibit staining.
Serum Ig concentrations. lgG, M, A and D were
measured by single radial immunodiffusion [14] in
agar (Meloy Laboratories, Inc., Springfield, Virginia);
serum IgE concentrations were measured by the
technique of Rowe [15]. Serum immunoglobulin
concentrations were measured in 74 of the 85 patients
whose biopsy specimen contained detectable glom-
erular immunoglobulin deposits; sera were not avail-
able from the other 11 patients.
Routine histochemical staining. Two- to three-micron
thick sections were stained with hematoxylin-eosin
(H&E), periodic acid-Schiff (PAS) and Gomori tn-
chrome stains. The semiquantitative methods of
grading and terminology of Pirani and Salinas-
Madrigal were used [16]. Electron microscopy (EM)
was performed using an electron microscope (RCA
EMU 3 F), specimens for EM were fixed in purified
paraformaldehyde, postfixed in osmium tetroxide,
dehydrated at 4°C through graded alcohols, em-
bedded in epoxy resin (Epon 812) and stained with
uranyl acetate and lead citrate.
Results
Immunohistochemical tests. Direct IF of renal biopsy
specimens from 146 patients detected glomerular
immunoglobulin deposits in 85 cases. In specimens
from 30 patients IgE was detected alone or in the
company of other Ig classes; eight of the 30 contained
trace amounts of IgE and will not be considered
further. On the other hand, 22 had glomerular IgE
deposits of greater than trace amounts: 16 biopsy
specimens (group 1) contained glomerular Ig com-
prising multiple Ig classes, but Ig other than IgE was
preponderant and more extensive (Table 1). In seven
Table 1. Results of direct immunofluorescent microscopy in 16
patients whose renal biopsies contained IgE as a relatively minor
component of detected Ig
Patient No. lgG M A D E Pattern'
Systemic lupus
erythematosus
1 1+ l+F — —l+F G
2 1+ 3+ Trace — 2+ G
3 3+ l+F — — 1+ G
4 4+ 2+ 2+ — 2+ G
5 3+ 4+ 1+ 2± G
6 2+ — — — 1+ G
7 3+ 2+ — -— 2+ M
8 2+ 2+ Trace — 1+ G
IgA-associated
nephropathy [11, 17]
9 1+ — 2+ —1+ M
10 Trace — 2+ — l+F M
11 Trace — 2+ — 1+ M
Glomerulonephritis with
focal and segmental
IgE deposits
12 1+ Trace
F
—
— 1+F G
13 1+ l+F — l+F G
14 1+ Trace
F
—
— l+F L
15 — 3+ - —l+F G
16 — 2+ — — 1+1° G
' G=granular deposits on peripheral capillary loops, M = primarily
mesangial deposits, L=linear, and F=segmental involvement of
some glomeruli.
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of the 16 IgE was detected only in segmental deposits
of some glomeruli despite generalized Ig deposition.
Specimens from six other patients (group 2) had more
extensive IgE in glomeruli; in these tissues IgE was a
dominant or codominant finding (five cases) or the
only Ig class found (one case). These six patients will
be described more fully in the following.
Serum immunoglobulin E(IgE) concentrations. Serum
IgE concentrations were normal (less than 500 IU/ml)
[18] in 65 of the 74 patients tested; the median con-
centration was 125 IU/ml. Elevated IgE concentrations
were measured in nine patients (range, 585 to 25,500
IU/ml) and three of the nine had detectable glomerular
igE deposits. In two of them only trace amounts of
IgE were detected in glomeruli, but one had heavy
IgE deposits (patient 17, group 2).
Group 2 patients with dominant or codominant IgE
immunoglobulin glomerular deposits (Table 2). These
six patients (patients 17 through 22), with major,
diffuse and generalized, granular glomerular immuno-
globulin deposits ranged from 7 to 22 years of age and
were apparently well until their renal disease became
apparent; four were males and two females. Onset in
three of the patients (17, 18 and 19) apparently fol-
lowed an acute streptococcal infection and the course
rapidly progressed to renal failure in two, while the
third has had a slower decline in renal function. The
other three patients (20, 21 and 22) had indolent
onset of edema or incidentally detected proteinuria
unrelated to a discrete clinical event or illness; one of
them was treated several times by her family physician
for "streptococcal pharyngitis," but no cultural
proof was documented and no acute glomerulo-
nephritis was recognized. None had had atopic illnesses
or admitted symptoms of allergic disease such as
allergic rhinitis or asthma. Patients 20, 21 and 22 have
not had a decline in renal function. Patients 18, 19, 20
and 21 were seen initially with nephrotic syndrome;
proteinuria has persisted in all, but only patients 18
and 19 still are nephrotic. Patient 17 has died; all
other patients have been followed clinically 12 to 24
months and have displayed persistent disease.
Histopathologic evaluation of group 2 patients (Table
3). The six patients had a varied and nonhomogeneous
histopathologic appearance by light microscopy (Figs.
1 and 2). Three patients demonstrated prominent
crescent formation; in two of these greater than 70 to
80% of glomeruli contained large epithelial crescents
(patients 17 and 18), typical of rapidly progressive
glomerulonephritis [19, 20]. On the other end of the
spectrum, patient 22 showed only a mild, focal pro-
liferative glomerulonephritis by standard light micros-
copy. A significant glornerular exudate was present in
three patients, being most prominent in patient 21,
who demonstrated a generalized, proliferative gb-
merulonephritis. This latter individual was also the
only one in which eosinophils were encountered in
significant numbers, comprising 20 to 30/ of the
inflammatory cells present. in none of the patients was
there significant thickening of the peripheral glomerular
basement membranes.
Electron microscopy was perfomed on all six
patients and deposits were seen in all those examined
intially. In three individuals, the deposits were found
only in mesangial and subendothelial locations, being
especially prominent in patients 20 and 22 (Fig. 3).
In three patients (17, 18 and 21) subepithelial deposits
compatible with "humps," commonly seen in acute
poststreptococcal gbomerulonephritis [21] were pre-
sent (Fig. 4). The underlying glomerular basement
Table 2. Summary of clinical and serologic data in six patients of group 2 (see text)
Patient Age Sex Clinical BUN, Creati- 24-hour Creatinine Serum ANA Serum C'3, C'4, SSCA History Positive Signifi-
No. course mgi
100 ml
ninly
mgi
100 ml
urinary
protein
excretion,
g
clearance,
mi/mm
IgE
Concen-
tration,
lU/mi
cryoglo-
bulin
mgi
100 ml
mg/
/00 ml
Titer of strep- wound!
tococcal throat
infection culture
cant
ASO
titer
17 21 M RPN 106 9.5 1.5 5 1260 — 125 22 — + + —
18 20 M RPN 93 5.0 8.0 15 Trace — — 140 60 — + + +
19
(5—72) 18 M CON 15 1.5 5.4 77 <125 — 105 17 — + — +
(5—73) 24 2.0 10.0 59 — — 115 29 —
20
(5—72) 7 F CON 9 0.5 5.1 ND 125 — 135 27 — — — —
(10—72) 7 0.6 2.6 74 — —
21 13 M CON 21 1.3 5.3 107 140 — + 190 31 — — — —
22 19 F CGN 10 0.7 1.5 106 250 — 160 24 — + — —
RPN, rapidly progressive glomerulonephritis; CON, chronic glomerulonephritis; IU, international unit; ANA, antinuclear antibodies; C'3,
third component of complement; C'4, fourth component of complement; SSCA, sensitized sheep cell agglutinations for rheumatoid factor tests;
and ASO, antistreptolysin 0.
•
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Table 3. Summary of immunohistochemical and microscopy data in six patients of group 2
Immunofiuorescent microscopy Light microscopy Electron microscopy
Patient lgG M A D E /flC Fibrinogen Pattern Mesangial
& endo-
thelial
prolifera-
tion
Crescents PMN
infiltra-
tion
Mesangial Mesangial
sclerosis deposits
Suben- Sub-
dothe- epithe-
hal hal
deposits deposits
17 2+ — — — 2+ 2+ 4+ RPGN 1+ +3 +2
focal
+2 0 +1/2 +2
18 — — 2+ 1+ 1+ RPGN +1 +4 +1
focal
+2 0 0 +2
19 #1 — 2+ +1 — 2+ 3+ 2+ Chronic
sclerosing
GN
+1—2 0 0 +1 +1/2 +1/2 0
#2 ———---—— 2+
focal
— +1/2 0 0 +4 0 0 0
20 #1 3+ 1+ 3+ 3+ 2+ 2+ General
proliferative
+2 0 +1 +2 +2 0
#2 2+ 2+ 2+ — 2+ 1+ 3+ GNwith
crescents
+1 +1 0 +3 ND ND ND
21 3 + Trace — — 3+ I + Trace General
proliferative
GN with
exudation
+ 3 0 + 2 0 I + 1/2 + 4
22 2 + Trace 1 + — 2+ I + 2 + Focal
proliferative
GN
+ 1/2
focal
0 0 0 + 2 + 1/2 0
ND=not done.
Fig. 1. Patient 17: two glomeruli showing prominent epithelial Fig. 2. Patient 21: glomerulus showing a prominent diffuse
crescents typical of RPGN (hematoxylin-eosin, x 180). mesangial proliferative GN (periodic acid-Schiff, PAS, x 350).
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Fig. 3. Patient 22: mesangial region with numerous electron dense
deposits. BM, basement membrane; D, deposits; E, epithelial
cell nucleus; M, mesangial cell nucleus; arrows designate
urinary space (x 13,400).
membrane in the three patients with subepithelial
"humps" showed no evidence of membranous trans-
formation.
Direct IF. Biopsy specimens from all six patients
showed diffuse and generalized granular immuno-
globulin deposits along glomerular capillary ioops of
all glomeruli (Table 3), presumptive of immune-
complex mediated glomerulonephritis (Figs 5 and 6).
Patients 20 and 22 also had mesangial, as well as
peripheral glomerular capillary loop IgE deposits.
Discussion
Results of this immunohistochemical investigation
indicate a definite, albeit relatively infrequent, parti-
cipation of IgE in glomerular immunoglobulin de-
posits. IgE was detected in greater than trace amounts
in 25% of biopsy specimens found to have glomerular-
bound Ig, and in six patients (7%) it was the para-
mount or codominant Ig class. Such glomerular Ig
deposits are presumptive evidence for immunologically
mediated glomerulonephritis and active disease. The
specificity of such deposition, implying a patho-
genetic role in tissue injury as opposed to passive
Fig. 4. Patient 17: A/ole the three prominent suhepirhelial electron
dense deposits on capillary loops. D, subepithelial deposits; End,
endothelial cell cytoplasm; US, urinary space; arrows indicate
fused epithelial foot processes (x 20,300).
trapping of serum proteins, is suggested by several
considerations: localization in association with elec-
tron-dense deposits, deposits primarily on the
peripheral glomerular capillary loops as well as in
glomerular mesangium, selectivity of protein partici-
pation and ancillary detection of $IC component of
complement.
The precise immunopathogenetic role played by
IgE, however, is not clear. We presume that IgE in
these deposits, like other Ig detected, is present as
antibody bound to unknown antigens in immune
complexes, whose fortuitous deposition in glomerular
walls has initiated the phiogogenic events of glomeru-
Ionephritis. Hardwicke et a! [22] and Wittig and
Goldman [23] have described four patients with
recurrent nephrotic syndrome in association with
seasonal and environmental allergies, and Gerber and
Paronetto [6] detected glomerular-bound IgE in
several patients with idiopathic nephrotic syndrome.
Such observations suggested that reaginic (IgE)
antibody-antigen immune complexes may have partici-
pated in the genesis of those cases of idiopathic-
nephrotic syndrome. None of the patients described in
group 2, with prominent IgE glomerular deposits, had
4) 4-
A j,'.
-a. V .'
frtafl,I
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S
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symptoms or histories of allergic rhinitis, asthma,
atopic dermatitis or parasitic infestation. Extensive
skin testing to common environmental allergens was
done in three of the six patients and findings were
negative.
IgE participation in the renal lesions of certain cases
of glomerulonephritis may be uniquely effective in
exciting and maintaining ancillary events augmenting
the inflammatory response. A definite role for cyto-
philic antibodies has been demonstrated in patho-
genesis of the immune-complex induced glomerulone-
phritis of acute serum sickness in rabbits [24]. Sensi-
Fig. 5. Typical glomerulus from renal biopsy of patient 17, illustrating diffuse granular
deposits of IgE (stained with fluorescein conjugated goat anti-human IgE, x 350).
Fig. 6. Typical glomeru/us from biopsy specimen of patient 21 (stained for igE, x 350).
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tized basophils with affixed IgE antibodies in contact
with specific antigen will release soluble factor, caus-
ing aggregation and release of vasoactive amines from
platelets [25]. It is not known whether insoluble
glomerular deposits would be as effective as circu-
lating immune complexes in activating leucocytes to
participate; nevertheless, circulating basophils in
contact with glomerular deposits preferentially might
be stimulated to release vasoactive amines. Generation
of a local concentration gradient of vasoactive mater-
ials would contribute to vascular permeability and
further deposition of circulating immune complexes.
The six patients comprising group 2 have three
features in common: clinically persistent disease,
diffuse granular immunoglobulin deposits in glomeruli
and obvious IgE participation. There also are major
dissimilarities: rates of clinical progression, mor-
phologic patterns of tissue response, apparent histo-
logic intensity and epidemiologic and serologic evi-
dences for anticedent streptococcal infection.
Three of the six patients of group 2 (17, 18 and 19)
present strong clinical cases for an apparent post-
streptococcal etiology of their glomerulonephritis, one
of them unequivocal (patient 17). In two of these
three the histopathologic pattern was indicative of
rapidly progressive glomerulonephritis, and sub-
epithelial deposits ("humps") were present on EM
examination in both cases. The third patient had a
chronic scierosing glomerulonephritis [26]; it is pos-
sible that streptococcal infection was coincidental in
this case. A fourth patient (21), without history of
acute illness or cultural or serologic evidence of strepto-
coccal infection, presented with an isolated, healing,
impetigenous lesion on his ankle; a renal biopsy
specimen from this patient had a prominent acute,
generalized proliferative glomerulonephritis with exu-
dation, and numerous subepithlial "humps" com-
patible with acute poststreptococcal glomerulo-
nephritis.
In conclusion, direct IF recognition of IgE in
immune deposits of patients with clinically active
and apparently persistent glomerulonephritis occurs
in a minority of patients in whom Ig is detected. Im-
mune complex deposits, regardless of the particular
class of immunoglobulins participating, indicate an
ongoing nephritogenic mechanism, irrespective of the
presence of the nephrotic syndrome. The causation of
IgE deposits specifically, etiologic relationship to the
streptococcus and prognostic inferences require
further study.
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